In arriving at a normal range for a particular determination, statistical problems arise in the choice of a population and in the derivation from it of limiting values. In practice, the reference population almost necessarily consists either of hospital patients or else of blood donors. In either case, it is important to exclude obviously aberrant readings and to make proper allowance for age and sex differences. Age effects are not necessarily linear and may differ between the sexes.
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There are many advantages in dealing with a Normal (Gaussian) distribution of values and transformation, either to logarithms or to something more complicated, may be useful in order to achieve this. A P% normal range can be estimated from a Normal sample of n values with mean m and standard deviation s by calculating
where t is the P% point of the usual t-distribution with (n -1) degrees of freedom. With a Normal parent distribution, such a range is unbiased, i.e, correct on the average. For any given sample, it will of course be either too wide or too narrow; over many samples the mean content of this range is P% and the standard deviation of the content is 100 x tel/v(7Tn)-for n = 100 and P = 95 %, this comes to ± 1.6%.
It is often argued that the assumption of Normality should not be made. A 95 % normal range can be estimated from a sample merely by taking limits which enclose 95 % of the actual sample values. This too will give results which are either too wide or too narrow on any given occasion; applied to a sample which is in fact from a Normal distribution, the standard deviation of the true content of the range determined in this way is about 1.4 times as great as that given above.
The reason for not assuming Normality is the fear that the estimated range may contain an average rather far from the aimed at percentage of the population. Such a fear may be exaggerated. Consider a mixture of two Normal populations with standard deviations in the ratio 1 : 3 and treat this mixture as if it were a simple Normal population. Then as the proportion represented by the broader Paper read at National Joint Meeting, London, September, 1968. 12 component increases from 0-20 % of the total, the 'nominal' 95 % range actually contains on average between 95.8 % and 94.4 % of the total. Unless the sample is very large, this bias is small compared with the inevitable sampling error described above.
If the parent distribution is skew, the 5 % 'false positives' will be unequally divided between the two tails of the distribution, but their total rate of occurrence will often not be far from the nominal level. There is in fact a case for deliberately using an asymmetrical normal range with constituents such as bilirubin for which very low levels (even if detectable) may not be very meaningful to the clinician.
With such a constituent, a 95 % normal range could be used which cuts off 5 % (rather than 2.5 %) of the high values in the reference population.
The definition and use of a normal range (or region) become far more difficult when two or more constituents are considered simultaneously. If 95 % ranges are used for each, then in the absence of correlation (not such an unrealistic assumption as it may seem) the false positive rate goes up to 23 % when five constituents are considered. To bring this rate back to 5 %, the limiting values have to be widened from JL ± 1.96a out to JL ± 2.57a, and this is liable to reduce the power of the technique to detect abnormality. It is perfectly possible with correlated readings to get an individual with two readings which are both 'abnormal' taken in isolation but 'normal' when considered together! Very many of the difficulties associated with the normal range arise from the rigidity of the tacitly assumed dichotomy into 'normal' and 'abnormal'. An important reason for quoting (and teaching) a normal range is to save burdening the clinician's memory with the information needed to assess properly the significance of a value quoted in numerical terms. Some of the difficulties could be sidestepped by quoting, alongside a numerical value, not merely a symbol denoting 'normal' or 'abnormal' but what might be called a surprise index given by the reading's deviation from the reference population mean in standard deviation units. Conventionally 'abnormal' results will lie outside the range ± 2, but far more information would be simply conveyed, both about isolated readings and about the relation of one reading to another.
